Background. Previous studies investigating attentional biases in social anxiety disorder (SAD) 
Introduction
Information processing studies suggest that attentional biases are related to anxiety (Williams et al. 1988; Eysenck, 1992 A widely used method to assess attentional biases is the dot-probe task (MacLeod et al. 1986 ), in which a neutral and a threat-related cue are presented simultaneously at different locations of a screen. After a brief delay, a probe replaces one of these cues, and the participant is instructed to press a button to indicate the detection of the probe. Decreased reaction times ) at later stages of the information processing flow, we predicted that they would show decreased P1 amplitudes to emotionally cued probes. We further examined whether these effects are restricted to probes replacing angry-neutral face-pairs (valence effect), or whether they generalize also to happy-neutral face-pairs (emotionality effect) (Martin et al. 1991) .
To investigate the specificity of putative P1 findings, exploratory analyses focused on additional ERP components, including the C1, N170, and N1 components. The C1 originates 
Methods and Materials

Participants
Sixteen SAD and 18 control participants were recruited through an outpatient anxiety disorders clinic and advertisements, respectively. SAD was diagnosed using the Anxiety Disorders Interview Schedule for DSM-IV: Lifetime Version (ADIS-IV-L) (DiNardo et al. 1994 ). Control participants were screened with an abbreviated version of the ADIS-IV to confirm absence of psychopathology. All participants were right handed (Chapman & Chapman, 1987 ) and had no history of bipolar disorder, schizophrenia, psychosis, or delusional disorders.
Additional exclusion criteria included a current diagnosis of posttraumatic stress disorder, major depression with severity greater than mild to moderate (as indicated by the presence of 4 or greater on the ADIS clinical severity rating), or current active suicidal ideation. Participants reported no psychoactive substance abuse, no unstable medical illness, and no past or current Attentional Biases in SAD 8 neurological illness. The study was approved by the human subjects committees of Harvard University and Boston University. All participants gave informed written consent.
Seven participants (4 SAD and 3 controls) were excluded due to excessive artifacts in the ERP data, leading to a final sample of 15 control and 12 SAD participants. Comorbid diagnoses in the SAD group included generalized anxiety disorder (n=8), major depressive disorder (n=7), specific phobia (n=5), and obsessive compulsive disorder (n=3). Three SAD participants were receiving psychotropic medication at the time of the study (Paroxetine, Venlafaxine or Setraline).
All assessments were done prior to the patient's receiving cognitive-behavioral therapy at the Center for Anxiety and Related Disorders at Boston University. Control participants reported birth control (n=2), asthma (n=2) and diabetes (n=1) medications. As shown in Table 1 , the groups did not differ in sociodemographic characteristics. Relative to controls, participants in the SAD group reported higher levels of social anxiety, trait anxiety, and depression, as assessed by 
Dot-probe task
The task was a modified dot-probe task adapted from Pourtois and colleagues (Pourtois et al. 2004), and described in more detail in a recent independent study from our laboratory fixation cross was presented for a varying period of time (100-300 ms). Subsequently, a vertical or horizontal bar (the probe) was presented at either the location of the emotional face ("emotionally cued trial") or neutral face ("neutrally cued trial"), and one line of the fixation cross was thicker than the other. Participants were instructed to press a button whenever the thicker line of the fixation cross matched the orientation of the probe (go trial) and withhold a response otherwise (no-go trial). Trials were separated by intertrial-intervals of 1,250 ms, in which a black screen without a fixation cross was presented.
Participants first performed one practice block of 16 trials, followed by 9 blocks of 80 trials, which were separated by small breaks. Each block contained 24 go trials (30%), and 56 no-go trials (70%). The rationale for using the go/no-go paradigm with this particular trial ratio was to gather enough behavioral responses (derived from go trials) to allow reliable behavioral (RT and d') analyses, while preserving a sufficient number of no-go trials for the ERP analyses (as elaborated below, only no-go trials were used to avoid movement-related artifacts). RT was recorded from probe onset. Trials with RTs that were <100 ms and >1,500 ms and incorrect responses were excluded from the analyses. Based on signal detection theory, sensitivity toward probes cued by emotional vs. neutral faces was calculated using the formula
where FA and HR are the false alarm and hit rates, respectively (Green & Swets, 1966) .
EEG recording and data reduction
The EEG was recorded using a 128-channel Electrical Geodesics system (EGI Inc, Eugene, OR) at 500 Hz with 0.1-200 Hz analog filtering referenced to the vertex. Impedance of all channels was kept below 50 kΩ. Data were segmented and re-referenced off-line to an average reference, yielding 129-channel EEG data. EEG epochs were extracted beginning 100
Attentional Biases in SAD 10 ms before and ending 350 ms after stimulus presentation. Data were processed using Brain Vision Analyzer (Brain Products GmbH, Germany). Each trial was visually inspected for movement artifact and then automatically removed with a ±75 µV criterion. Eye-movement artifacts were corrected by Independent Component Analysis. To avoid movement-related artifacts, only no-go trials were used to compute ERPs. ERP amplitudes were derived from each individual's average waveform filtered at 0.1-30 Hz. For further details see Santesso et al. . To test the specificity of P1 findings, exploratory analyses were performed on the peak amplitudes of the C1, N170, and N1 components. The C1-Face and C1-Probe were measured 50-80 ms after stimulus presentation at POZ (channel 68), N170 from 130-210 ms after face presentation at P7 and P8 (channels 59 and 92) and N1 from 150-210 ms after probe presentation at PO7 and PO8. For all analyses, a pre-stimulus baseline (-100 to 0 ms) was used.
LORETA whole brain analyses
In case of significant scalp P1 findings, Low Resolution Electromagnetic Tomography 1 LORETA analyses reported in the current study closely mirror procedures previously described in detail (e.g., Pizzagalli et al. 2002 Pizzagalli et al. , 2003 Pizzagalli et al. , 2004 .
At each voxel (N=2,394) current density (scaled to amperes per square meter, A/m 2 ) was computed as the linear, weighted sum of the scalp electric potentials during windows of ±20 ms around the global field power (GFP) peaks. 2 The GFP peaks for P1-Face (120 ms post-stimulus) and P1-Probe (96 ms post-stimulus) were similar to the latencies of the scalp P1 peaks (122 ms and 102 ms respectively). For each subject, LORETA values were normalized to a total power of 1 and then log transformed before statistical analyses.
Statistical analyses
For RT and d', 2 x 2 x 2 x 2 analyses of variance (ANOVAs) were performed with Group Hemisphere ANOVA because the factor Probe-Position was not present. Significant ANOVA effects were further explored by post-hoc t-tests with Bonferroni adjusted alpha levels (α'=α/number of tests). In this report, only effects involving the factor Group are described (a full summary of the effects is available upon request).
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For LORETA data, voxel-wise t-tests (two-tailed) were performed to compare current density between groups or conditions. To minimize Type I errors, only activation clusters of more than 5 voxels exceeding p<0.01 were considered significant.
Results
Reaction Time
The Emotion x Probe-Position interaction was significant In light of prior findings indicating that anxious individuals attend preferentially to threatrelated relative to neutral stimuli ("within subject bias") despite lack of differences between anxious and non-anxious subjects ("between-subject bias") ( (Fig. 2a,b) . Group interaction was due to larger N1 amplitudes to probes following happy-neutral face-pairs over the right hemisphere for control versus SAD participants.
P1-
Source Localization
P1-Face.
To localize the generator of the significant scalp amplitude differences between angry-neutral and happy-neutral face-pairs in SAD participants, current density following angryneutral and happy-neutral face-pairs was compared within the SAD group. SAD participants showed higher activation after angry-neutral vs. happy-neutral face-pairs in a cluster around the Attentional Biases in SAD 15 right middle temporal gyrus, including the fusiform gyrus (FG) (BA 37) and the inferior temporal gyrus (BA 20/21/37) ( Fig. 2c and Table 2a ). No other regions were identified.
To explore whether this region was also more activated in SAD relative to control participants, current density to angry-neutral face-pairs was compared between groups.
Independent voxel-wise t-tests revealed that following angry-neutral face-pairs SAD participants displayed significantly higher activation than control participants in the right FG (BA 20/21/37) ( Fig. 2c and Table 2b ). No other regions exceeded the statistical threshold.
P1-Probe.
LORETA analyses evaluating potential neural generators underlying the scalp finding of smaller P1 amplitudes for emotionally than neutrally cued trials in SAD participants revealed no significant findings.
Discussion
The goal of the present study was to investigate attentional biases in SAD during a dotprobe task using ERP and source localization techniques. Several findings relevant to the initial hypotheses emerged. First, SAD, but not control, participants showed increased P1 amplitudes and FG activation to angry-neutral vs. happy-neutral face-pairs, and a reliable Emotion x Group interaction indicated that SAD participants had a significantly larger P1 potentiation to angry faces relative to happy faces compared to control participants. Second, SAD participants had smaller P1 amplitudes to probes replacing emotional rather than neutral faces, whereas control participants showed an opposite pattern. A significant Probe-Position x Group interaction indicated that SAD participants had significantly reduced P1 responses to probes replacing emotional vs. neutral faces compared to control participants. Third, SAD participants reacted faster to probes replacing angry vs. happy faces, although no group differences emerged from the The limitations of the present study should be acknowledged. First, although ERP analyses provided evidence for abnormal attentional processes in SAD participants, no group differences emerged for RT data. This may be due to our relatively small sample size, which represents one of the main limitations of this study, and/or to the specific characteristics of our paradigm, particularly the chosen stimulus-onset asynchronies and its go/no-go component.
Unlike classic dot-probe studies in which a behavioral response is required on each trial, our participants had to withhold responses on no-go trials, possibly introducing novel sources of variance (e.g. decision-making, inhibition of motor-responses). Moreover, by design, ERP waveforms were derived exclusively from no-go trials to avoid potential contamination of movement artefacts to early ERP components (e.g., C1), whereas RT data were assessed during go trials. Thus, although this particular version of the dot-probe paradigm has been found to induce reliable ERP correlates of attentional biases in two independent control samples (e.g., Pourtois et al. 2004; Santesso et al. 2008) , the integration of RT and ERP data is suboptimal.
An alternative explanation for the lack of group RT differences may be reduced power for the behavioral analyses, particularly since only 30% of the trials (i.e., go trials) could be used for behavioral analyses. Nevertheless, separate analyses for each group revealed that SAD -but Attentional Biases in SAD 20 not control -participants did react significantly faster to probes cued by angry as opposed to happy or neutral faces ("within-subjects bias"; Bar-Haim et al. 2007).
A final limitation of the present study arises from presenting probes with random interstimulus intervals (100-300 ms). Even though this technique reduces overlap from early and later ERP components, it also prevents a precise delineation of the time course of attentional effects. In order to better understand the temporal unfolding of attentional biases in SAD, ERP studies using both short (e.g., 100 ms) and long (e.g., 500 ms) stimulus-onset asynchronies in the same participants will be required.
Notwithstanding these limitations, the present study suggests that for participants with 
